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Introduction
For decades, economists have been studying the determinants of academic attainment. Seminal studies such as Black et al. (2005) , Ermisch & Francesconi (2001) , McNabb et al. (2002) , Ortiz & Dehon (2008) , Sanbonmatsu et al. (2006) , Vardardottir (2013) and Leos-Urbel et al. (2013) have identified prior accumulated human capital, the costs and returns of higher education, social background characteristics and gender as key determinants in explaining outcomes in higher education.
Recently, academics have also focused on the role of health factors on academic achievements. For instance Ding et al. (2009) , García-Gómez et al. (2013) , Fletcher (2014) , Sabia (2007) , Balsa et al. (2011) and Pieterse (Forthcoming) identify a negative relationship between poor general health, health shocks, ADHD, body weight, alcohol usage and maltreatment respectively on the one hand and academic performance on the other hand. In addition, Bharadwaj et al. (2013) reveal a positive relationship between early health interventions and academic achievement.
A neglected factor in the economic literature on academic achievements is sleep quality. From a theoretical point of view, a positive relationship between sleep quality and academic performance can be expected. Indeed, based on research within other academic fields such as medicine and biology, we know that night's rest is essential to helping maintain mood, motivation, memory and cognitive performance. While asleep, the brain integrates new knowledge and forms new associations (see, e.g., AlDabal & BaHammam, 2011; Beebe, 2011; Dahl & Lewin, 2002; Gais & Born, 2004; Siegel, 2001; Vandekerckhove & Cluydts, 2010; Walker & Stickgold, 2004) .
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In this study we empirically test the relationship between sleep quality and academic achievement. To this end, we survey first-year college students on their sleep quality, by means of the Pittsburgh Sleep Quality Index (Buysse et al., 1989) , before the start of their first exam period at university. In addition, these students are surveyed on general social background and health characteristics. The resulting dataset is then matched with their academic achievement in terms of course marks in their first exam period. Subsequently, our research question is answered by exploring 2SLS estimations on the gathered data. To be able to correctly identify the influence of sleep quality on academic achievement, the respondents' sleep quality is instrumented by their sleep quality during secondary education.
This article is structured as follows. In the next section we provide the reader with some information on the data gathering, a description of these data and a descriptive analysis of the relationship between sleep quality and academic achievement. In Section 3 we outline our statistical research methods. Subsequently, in Section 4, we present and discuss the main statistical examination of the dataset and some robustness checks. A final section concludes.
Data

Data Gathering
Our dataset was constructed by merging survey data on first-year college students' sleep quality and further individual characteristics with their first college exam marks.
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In December 2013, we conducted a survey across the students present at the start of the last lecture of the first-semester courses of Economics and Introduction to Accountancy at Ghent University in Belgium. These courses are part of the first year Bachelor programs of (Business) Economics and Commercial Sciences respectively, but are also taken by some students of other programs. In total, 394 (410) students attended the last lecture of Economics (Introduction to Accountancy). These students were asked to fulfil a paper-and-pencil questionnaire.
This questionnaire comprised five sections. A first section was dedicated to general questions about the subject's social-economic background characteristics (age, gender, parental education, household composition, nationality, language at parental home, living place, prior educational attainment, relationship status and general health). These characteristics are used in our analysis to explain both sleep quality (see, e.g. Hale et al., 2013 , for recent evidence on the relationship between social background and sleep quality) and academic achievement.
In a second section, we surveyed quality of sleep by means of the validated Pittsburgh Sleep Quality Index (Buysse et al., 1989) . This question module measures sleep quality during the previous month. The PSQI contains 19 self-rated questions yielding seven PSQI submeasures: sleep duration, sleep disturbance, sleep latency, day dysfunction due to sleepiness, sleep efficiency, overall perceived sleep quality and need of medicines to sleep. Each component is scored from 0 to 3. This yields a total PSQI score between 0 and 21, with higher scores indicating lower sleep quality. A total PSQI score greater than 5 is classified as poor quality sleep. The official Dutch translation of the PSQI was requested from Dr.
Buysse and a user agreement was signed. The reader will notice that although the 'Quality' in PSQI refers to a qualitative measure of sleep, 5 some components have a rather quantitative point of view. We will come back to this issue in Section 4 when we focus on the particularly explanatory power of the two PSQI submeasures on sleep duration and overall perceived sleep quality.
In a third section of our survey we additionally let the students rate the sleep quality of their parents and their sleep quality during secondary education on a five-point Likert item. In addition, we asked whether they suffered from congenital medical problems that affected their sleep quality. These variables are important for our econometric analysis being predictors for sleep quality that cannot be determined by college outcomes.
In a fourth section, the students had to fulfil the validated Depression Anxiety Stress Scales (DASS-21) questionnaire.
1 DASS-21 is a set of three self-report scales designed to measure the negative emotional states of depression, anxiety and stress. Each of the three DASS-21 scales contains 7
items that are to be rated on a four-point Likert scale leading to a score between 0 and 21. The higher the score on these scales, the higher the emotional problems. Depression, anxiety and stress are regularly reported to be associated with both sleep quality (see, e.g., Breslau et al., 1996; Eller et al., 2006) and academic achievements (see, e.g., Andrews & Wilding, 2004; Eisenberg et al., 2009) . Hence the importance of including them as control variables in our analysis.
In a last section, the students were asked whether they agreed with the fact that their survey answers would be merged with their first-semester exam marks by a third party. This clause was prepared in collaboration with also be taken in the second semester, not all students in our data got marks for these courses.
Data Description
In Table 1 we report descriptive statistics for the variables used in the econometric analysis below. We separately report statistics on the total 7 sample, on the sample of good sleepers (PSQI ≤ 5) and on the sample of bad sleepers (PSQI > 5). In total 69.57% of our subjects are good sleepers and 30.43% are bad sleepers.
TABLE 1 ABOUT HERE
Panel A provides the reader with statistics on the background characteristics of our subjects. The subsample of bad sleepers comprises more females, 2 more children of parents who passed away or divorced and more migrant youth. There are also more individuals in this subsample with bad general and mental health characteristics. Therefore, controlling for these characteristics when identifying the impact of sleep quality on study results is important. Panel B shows statistics for our potential instruments for sleep quality. These statistics provide already an indication for the relative strength of our potential instruments. The sleep quality during secondary education index seems to be the strongest predictor of poor quality of sleep. This index is 25.35% higher among bad sleepers than among good sleepers. Panel C shows that the average PSQI score among the population is 4.80, which is quite close to the threshold for poor sleep quality. Furthermore, as we can expect, the average scores for the PSQI submeasures of overall perceived sleep quality and sleep duration are substantially higher among the bad sleepers than among the good sleepers. For the course characteristics, presented in Panel D, we find no substantial differences between both subsamples by sleep quality.
2 As shown recently by Schneider et al. (2012) this statistic might point to a gender-specific perception and assessment of health indicators. On the other hand, recent research by Venn et al. (2013) provides evidence for gender differences in approaches to self-management of poor sleep. 
Econometric Model
In order to answer our main research question, we regress variables Table 1 respectively.
The coefficients of interest can be estimated by means of ordinary least squares (OLS). 4 However, for reasons outlined in Section 3.1, our main analyses adopts two-stage least squares (2SLS) techniques. As mentioned before, we use sleep quality during secondary education as an instrument for the PSQI-variable. In all models, standard errors are clustered at the subject level.
Results
In this subsection we discuss our empirical analyses. The regression results are reported in four tables. 
TABLE 2 ABOUT HERE
A comparison of the OLS and 2SLS results presented in column (1) and column (2) of Table 2 learns that, due to the endogeneity problem, OLS estimates are biased upwards. A potential omitted variable that could explain this bias is the internal and the external pressure a first-year student experiences. If this pressure is high, this may lead to higher marks on the one hand and lower sleep quality (and thereby a higher PSQI score) on the other hand.
We briefly discuss some secondary results reported in column (2) of In model (3) and model (4) we regress the mark for each completed exam on the dummy indicating bad sleepers. Again, exogeneity of this dummy is rejected so that we focus on the results presented in column (4).
We get that the average exam mark is about 2.64 points lower among the bad sleepers ceteris paribus, an estimate which is significantly different from 0 at the 5% significance level.
As the total PSQI score is composed both by quantitative and qualitative indicators of sleep quality, it is interesting to test which of both dimensions is the most affecting exam results. Therefore, in model (5) and model (6) we substitute the total PSQI score by the PSQI submeasure of overall perceived sleep quality. In model (7) and model (8) (2), (4) and (6) percentage points. This is a strong effect. However, our regression results
show that characteristics such as ethnicity, program in secondary education and general end marks in secondary education are still better predictors for exam success than sleep quality. Second, the effect of the dummy indicating bad sleepers is even higher. At the same time, the standard errors are quite high in regression model (4). Last, based on columns (6) and (8) we find again suggestive evidence for sleep duration being a better predictor for exam success than overall perceived sleep quality. The results presented in Table A .5, based on all potential exams, lead to the same conclusions.
Conclusion
In this study we empirically tested the impact of sleep quality on educational achievement. This research complements recent contributions looking into the role of other health factors on academic achievements.
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Furthermore, our hypothesis of a positive relationship between sleep quality and academic success was supported by the knowledge from other scientific fields that night's rest is essential to helping maintain mood, motivation, memory and cognitive performance.
In view of our research aims, we surveyed first-year college students on their sleep quality, by means of the Pittsburgh Sleep Quality Index (PSQI).
In addition, these students were surveyed on general social background and health characteristics. The resulting dataset was matched with the marks they scored in their first examination period. To be able to correctly identify the influence of sleep quality on academic achievement, we used an instrumental variable econometric approach.
We found that an increase of one's PSQI score with one standard deviation, which implies a deterioration of his/her overall sleep quality, All PSQI scales are normalised by subtracting the sample mean and dividing the result by the sample standard deviation. Used instrumental variable for sleep quality measures in 2SLS: sleep quality during secondary education index. Standard errors are between parentheses and clustered at the subject level. ***(**)((*) indicates significance at the 1%(5%)((10%)) level. The various numbers of exam outcomes and subjects can be explained by a different number of missing explanatory and instrumental variables across the regression models. All PSQI and DASS scales are normalised by subtracting the sample mean and dividing the result by the sample standard deviation. Used abbreviations: BE: (Business) Economics; CS: Commercial Sciences. Used instrumental variable for sleep quality measures in 2SLS: sleep quality during secondary education index. Standard errors are between parentheses and clustered at the subject level. ***(**)((*) indicates significance at the 1%(5%)((10%)) level. The various numbers of exam outcomes and subjects can be explained by a different number of missing explanatory and instrumental variables across the regression models. All PSQI and DASS scales are normalised by subtracting the sample mean and dividing the result by the sample standard deviation. Used abbreviations: BE: (Business) Economics; CS: Commercial Sciences. Used instrumental variable for sleep quality measures in 2SLS: sleep quality during secondary education index. Standard errors are between parentheses and clustered at the subject level. ***(**)((*) indicates significance at the 1%(5%)((10%)) level. The various numbers of exam outcomes and subjects can be explained by a different number of missing explanatory and instrumental variables across the regression models.
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